Abstract. We evaluate the pseudoscalar-meson coupling constants and the strangeness-conserving and the strangeness-changing axial charges of octet baryons in lattice QCD with two flavors of dynamical quarks. We find that the coupling constants and the axial charges have rather weak quarkmass dependence and the breaking in SU(3)-flavor symmetry is small at each quark-mass point we consider.
INTRODUCTION
Meson-baryon coupling constants and baryon axial charges are significant parameters for low-energy effective description of baryon sector. While the coupling constants provide a measure of baryon-baryon interactions in terms of One Boson Exchange (OBE) models, and production of mesons off the baryons, the axial charges enter in the loop graphs of chiral perturbation theory. The nucleon axial charge can be precisely determined from nuclear β -decay (the modern value is g A,NN = 1.2694(28) [1] ), however, we do not have enough information about hyperon axial charges from experiment.
In the SU(3)-flavor [SU(3) F ] symmetric limit, one can classify the meson coupling constants and the axial charges of baryons in terms of the constants of two types of couplings, F and D [2] . This systematic classification, which phenomenologically works rather well but is not known a priori to hold, is expected to govern all the couplings. However as we move from the symmetric case to the realistic one, the SU(3) F breaking occurs as a result of the s-quark mass. The broken symmetry no longer provides a pattern for the couplings, and therefore they should be individually calculated based on the underlying theory, QCD.
In this framework, we have evaluated the pseudoscalar-meson coupling constants and the strangeness-conserving and the strangeness-changing axial charges of octet baryons in lattice QCD with two flavors of dynamical quarks. The evaluation of the coupling constants and the axial charges allows us to check whether the SU(3) F relations are well respected in the degenerate quark-mass case and to what extent this symmetry is broken as we restore the physical masses of quarks. In our calculations, we assume exact flavor-SU(2) symmetry and take u and the d quarks degenerate.
THE FORMULATION AND THE LATTICE SIMULATIONS
We refer the reader to Ref. [3, 4] for the lattice formulation and the details of the calculations of pseudoscalar-meson-octet-baryon coupling constants. The pseudoscalar current matrix element of the baryon states is written as
where g P (q 2 ) is the pseudoscalar form factor, q µ = p ′ µ − p µ is the transferred fourmomentum and P(x) =ψ(x)iγ 5 τ 3 2 ψ(x) is the pseudoscalar current. As for the axial charges, we consider the baryon matrix elements of the isovector axial-vector current A µ = uγ µ γ 5 u − dγ µ γ 5 d, which can be written in the form
are the baryon axial and induced pseudoscalar form factors, respectively. The baryon axial charges are defined as the axial form factors at zero-momentum transfer, viz. g A,BB
. We compute the matrix element in Eq. (2) using the ratio method. For example, we construct the following ratio for the axial charges:
, where the baryonic two-and three-point correlation functions are respectively defined as F
with Γ ≡ γ 3 γ 5 Γ 4 and Γ 4 ≡ (1 + γ 4 )/2. The baryon interpolating fields are given as where C = γ 4 γ 2 and a, b, c are the color indices. 
where m and E are the mass and the energy of the initial baryon and Q 2 = −q 2 . We apply a procedure of seeking plateau regions as a function of t 1 in the ratio (10) and calculating the axial form factors G A,BB ′ (Q 2 ) at Q 2 = 0 in order to extract the axial charges g A,BB ′ . We employ a 16 3 × 32 lattice with two flavors of dynamical quarks and use the gauge configurations generated by the CP-PACS collaboration [5] with the renormalization group improved gauge action and the mean-field improved clover quark action. We use the gauge configurations at β = 1.95 with the clover coefficient c SW = 1.530, which give a lattice spacing of a = 0.1555(17) fm (a −1 = 1.267 GeV), which is determined from the ρ-meson mass. The simulations are carried out with four different hopping parameters for the sea and the u,d valence quarks, κ sea , κ u,d val = 0.1375, 0.1390, 0.1400 and 0.1410, which correspond to quark masses of ∼ 150, 100, 65, and 35 MeV, and we use 490, 680, 680 and 490 such gauge configurations, respectively. The hopping parameter for the s valence quark is fixed to κ s val = 0.1393 so that the Kaon mass is reproduced [5] , which corresponds to a quark mass of ∼ 90 MeV. We employ smeared source and smeared sink, which are separated by 8 lattice units in the temporal direction. Source and sink operators are smeared in a gauge-invariant manner with the root mean square radius of 0.6 fm. All the statistical errors are estimated via the jackknife analysis.
Our results are presented in Tables 1 and 2 and strangeness-changing axial charges normalized with g A,NN for various quark masses. We expect that the systematic errors cancel out to some degree in the ratios of the coupling constants. We also present the values of the ratios of the coupling constants α A = F/F + D as obtained from a global fit. In the SU(3) F limit, where κ (2) . The value of α A has a weak quark-mass dependence and as we approach the chiral point α A tends to decrease. We illustrate this behavior in Fig. 1 .
Our analysis reveals that the ratios of the coupling constants and the ratios of the axial charges show rather weak quark-mass dependence. We have allowed an SU(3) F breaking by varying the quark masses. Our results suggest that the SU(3) F for pseudoscalarmeson coupling constants and axial charges octet baryons are a good symmetry, which is broken by only a few percent. While we think that the present work reveals the SU(3) F pattern of couplings of octet baryons, there are a number of improvements to be considered in a future work. Our lattice is still coarse by modern standards and quark masses are too large to reach a definite conclusion about SU(3) F breaking. Simulations with more realistic setups with smaller lattice spacing and larger lattice size employing much lighter quarks and a dynamical s-quark are under way [6] .
